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This invention relates to jet pipe regulators. 
A jet pipe regulator is a well-known relay con- 
trolling device that includes a nozzle having at 
its end a discharge orifice and that is pivotal!y 
mounted.for swinging about an axis in 'esponse 5 
to magnitude of an applied signal. The regulator 
aiso includes a pair of receiver ports that are 
narrow]y spaced in the direc'tion of the p.ath of 
swing of the discharge orifice, and these receiver 
ports respectively communicate with a differen- l0 
tial pressure responsive device. Movement of the 
jet pipe and of its orifice serves to deliver fiuid in 
an unequal fashion fo the respective recei]er 
ports and thereby deve!op a pressure differential 
between them which operates the responsive de- 15 
vice. A refinement of the jet pipe regu!ator is the 
o-called "auxiliary-piston" arrangement where- 
in the distributor structure provided with the re- 
ceiver ports is movable in the direction of the jet 
pipe swing and is carried by a piston that is mov- 20 
able in a cylinder to opposite ends of which the 
respective receiver ports are connected so that the 
differential pressure resulting from movement of 
the jet pipe is effective, hot only to move the 
piston, but additional!y is effective to move the 25 
distributor device. The receiver ports are so con- 
nected that the piston and the distributor device 
follow the jet pipe orifice and thus the piston is 
maintained in positional correspondence with the 
jet pipe and the receiver ports are maintained in 30 
a neutral condition relati.ve to the jet pipe ori- 
fice wherein they receive equal amounts of fiuid. 
Any departure from Shis neutral position results 
in movement of the piston to reestablish it. 
The characteristics of a jet pipe regulator are 35 
such that ,a.ccurae response .occurs only in a 
limited range of jet pipe movement. Addition- 
ally, with the signal devices used with jet pipes, 
particularly in the case that such signal devices 
are diaphragm-type pressure detectors, normally 40 
the distance of swing permitted to the jet pipe .i. 
very smail, the range of movement of the orifice 
normally being of the order of /s of an inch. 
In certain cases it is desirable that the output 
member of a jet pipe regulator, and particularly 45 
theoutput of.a jet pipe regulator of the auxiliary- 
piston type, be capable of movement through a 
range substantially greater than that permitted 
to the jet pipe orifice. A particular example of a 
situation wherein it is desirable that the output 50 
member of an auxiliary-piston type jet pipe reg- 
ulator be movable through a travel range sub- 
stantia!ly greater than that of the jet pipe orifice 
is that in which the auxiliry-piston moves a pilot 
valve. In hydraulic power systems, for example, 55 
the'main pressure fluid lines usually are " or 
more in diameter. Control of fiow through such 
lines by a jet pipe regulator heretofore has been 
limited to a valve movement of substantially " 
in either directionfrom a fully-closed valve posi- 60 
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tion so that it has hot been possible to fully open 
a valve actuated by a jet pipe regulator of the 
auxfliary-piston type. 
A primary object of the invention is to provide 
ai improved auxiliary-piston type jet pipe reg- 
u!ator assembly wherein the output member 
driven by thé auxi!iary-piston may move a sub- 
stantia! distance beyond positions corresponding 
to the limit positions of the jet pipe orifice. An- 
other object is to provide a novel hydraulic piston 
assemb!y for a jet pipe regulator. Still another 
object is the provision of a novel auxiliary-piston 
type jet Pipe pilot valve operator capable of.mov- 
ing the pilot valve of the asembly between fully- 
closed and fully-opened positions and requiring 
valve body movement of greater length than the 
movement permitted to the jet pipe orifice. 
In he accompanying drawings 
Fig. 1 is a longitudinal section through an 
auxiliary-piston type jet pipe hydraulic booster, 
showing the pilot valve of the booster in ful!y- 
closed position. 
Fig. 2 is a section on line 2-- of Fig. 1. 
Figs. 3, 4, and 5 are sections similar to Fig. 1, 
respectively showing the valve body in a position 
corresponding to one limit position of the jet pipe 
orifice, _g. 4 showing the condition of the 
sembly with the valve body moved beyond its 
position corresponding to a limit position of the 
jet pipe orifice, and Fig. 5 showing the condition 
of the assembly in the opposite limit position of 
the valve body. 
Describing the drawings in detail, a jet pipe 
toEas at its end an axial fiuid discharge orifice 
The jet pipe is assumed to be mounted for swing- 
ing movement about a pivot axis by which the 
orifice  is moved along a preselected path. 
S.tops to limit swing of the jet pipe, and thereby 
determine limit positions of orifice  , are desig- 
nated . The device that is operated in re- 
sponse to movement of jet pipe  is shown to be 
a pilot valve. This pilot valve comprises an .in- 
put port 13 of one character such as exhaus or 
supply, and a pair of ports  ,   of common char- 
acter that is opposite to that of port . ttere- 
in it is assumed that port 3 is a supply port 
and ports   and   are exhaust ports. The valve 
assemb]y.also includes a pair of controlled.ports 
], 7. All of the above-mentioned ports .enm" 
into a valve bore 3 wherein is axially movable a 
valvë body that is driven in response to jet pipe 
movement. This valve body is of spool type and 
comprises a plug part   that is movable in either 
direction from the position shown in Fig. 1 where- 
in it blocks output port   and a plug part 2 that 
similarly is movable in opposite directions from 
the Fig. 1 position wherein it blocks output port 
7. By opposite movement of the valve body, 
ports  , .  respectively are connected in opposite 
sense with port 3, or with ports 4, t, so that 



2,601,207 

3 
fiuid is delivered through one of the output ports 
ata volume flow rate that is proportiona] to the 
degree of displacement of the valve body of Fig. 1 
toits neutral position. The other of the output 
ports is connected to exhaust by the s_,me w2ve 
body displacement. 
The valve body is movable by a piston-like 
structure that is responsive to pressure differen- 
tial occurrfl]g to opposite sides thereof in re- 
sponse to unbalance of the jet pipe system re- 
sulting from jet pipe swinging movement. In 
the assembly shown, the piston structure is pro- 
vided by end parts 2 , 22 of the valve body, which 
parts are axially movable as pistons in their 
reaches of the valve bore 8. 
The distributor system of the assembly com- 
prises a structure 23 that is movable in the direc- 
tions of the travel path of the jet pipe orifice 
and that is provided with a pair of distributor 
ports 24, 25 which are both disposed in the path 
of the orifice and are narrowly spaced in the 
direction of such path. One of these ports shown 
as 24 communicates with the reach of valve bore 
 8 to the left of piston part 2 . This communica- 
tion is provided by a longitudfl]al passage 24(a) 
in structure 23 which opens into the valve bore 
at both ends of structure 23. The other port 
communicates with the end reach of valve bore 
3 to the right of piston structure part 22, such 
communication being shown as provided by a 
passage 23 that extends axially through a valve 
stem 27 to which parts 9, 2}, 2, and 22 are 
attached. Communication from port 25 fo pas- 
sage 25 will be described. 
Structure 23 is movable in valve bore 8 and 
further is movable relative to valve stem 27 which 
is slidable in an axial bore 23 in structure 23. 
leferring fo Figs 1 and 2 together, if will be 
seen that port 25 communicates with a trans- 
verse passage 25(c) in structure 23 and that 
opens into an enlarged portion 29 in bore 
Valve stem 27 is provided with transverse pas- 
sages  that connect with the axial passage 
of the stem and that open into the bore enlarge- 
ment 29 throughout the range of relative move- 
ment of the valve body in structure 
Structure 23 and the piston structure of the as- 
sembly are intercom]ected through a bias spring 
system 3 that is effective between structure 
and stem 2 to bias the two structures towards 
a preselected positional relation and tending fo 
maintain structure 23 in a position that corre- 
sponds to that of the piston structure. The 
travel range of structure 23 is limited to cor- 
respond to that of jet pipe orifice  by stop 
means shown as a stop screw 3 mounted in the 
valve cash]g 33 and cooperative with the end 
surfaces of a slot 4 that is axially disposed in 
the outer part of structure 23. This stop ar- 
rangement is so arranged that ai the respective 
limits of travel of structure 2 if occupies limit 
positions wherein port 24 or port 2 is registered 
with jet pipe orifice  when the latter is in 
corresponding limit position as flxed by one of 
the stop elements 
The operation of the structure is as follows: 
Throughout the range of movement of jet pipe 
orifice  both structures 23, the reeeiver ports 
2, 25, and the piston structure 2 , 22, and there- 
fore the valve parts 9, 28 also, will follow move- 
ments of the jet pipe orifice  since departure 
of the receiver ports from equal registratton with 
orifice  will result in unbalance of pressures 
ai opposite surfaces of piston parts 2 I, 22, which 
will result in movement of the piston structure 
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and valve body until equal registration is rees- 
tablished. During this range of motion the 
spring bias system is effective to more structure 
23 with the piston structure. When the struc- 
{ ture 23 has reached one of its limit positions and 
orifice   remains in its corresponding limit posi- 
tion, structure  will be maintained agafl]st 
additicnal movement by the stop system , , 
but since valve stem 2 is slidable in structure 
H} 23 and sfl]ce the arrangement of passages 
25(c) and  is such as to continue the unbalance 
of pressure resulting from registration of only 
one of receiver ports 24, 2 with orifice , the 
piston structure 2, 22, and therefore the valve 
 body structure I, 2@, continues to move. The 
range of movement of the latter structures rela- 
tive to structure 2 may be as great as desired, 
and in the assembly shown is sufficient to move 
valve parts , 20, sufliciently far to completely 
0 clear controlled ports , . 
In the condition shown in Fig. 3, the jet pipe 
9 has been swung to the limit of its clockwise 
rotation, and consequently the valve body and 
piston structure have moved leftward to a cor- 
2 respondfl]g position. If wfll be seen that the 
relatively small movement permitted jet pipe 
is wholly inadequate to fully open output valve 
ports I, L I-Iowever, it wfll be noted that, due 
to the registration of port 2 with orifice  I and 
30 the comparative lack of registration of port 24 
with orifice  , pressure fiuid discharged through 
orifice  tends to continue to build up pressure 
in the right hand end of the valve bore whfle 
effectively the left hand end of the valve bore 
35 is exhausted through port 24. This results in 
additional leftward movement of the entire valve 
and piston assembly due to the greater pressure 
acting on the right end of piston part 22. This 
movement continues so long as the jet pipe maLu- 
40 tains ifs extreme c]ockwise position untiI the 
valve and piston structure has reached the limit 
of its leftward movement. 
The opposite movement occurs when the jet 
pipe has swm]g to its most counter-c]ockwise 
4 position, as shown in Fig. 5, the structure 23 
moving to a corresponding limit position and 
thereafter the piston and valve structure con- 
tfl]ufl]g to move as permitted by the slidfl]g rela- 
tion between valve stem 27 and structure 23. 
50 The biasing system illustrated is a se]f-center- 
ing one that is arranged to move the valve to 
normal positional relation to structure 23, shown 
in Figs. 1 and 3, A pair of spring seats 3, 35 
are mounted on the extension portion of valve 
55 stem 2 and are slidable thereon for cooperation 
with a pair of stop surfaces, both of which are 
flxed relative fo structure 23. One of these spring 
seats 35 is cup-shaped, having a wide wall 3 
that surrounds the end portion of stem 27, an 
60 end 3 that overlies a margfl]al portion of the 
end of the stem, and a terminal flange 3 that 
butts against the adjacent end surface of struc- 
ture 23. The second spring seat 35 is tubular 
and surrounds a stud bolt 4{} that is threaded 
65 into the end of stem 27 and stop passage 25. 
This spring seat 5 has a side wall 4 slidably 
surroundfl]g bolt 4 and an end flange 42 that 
contacts a washer 4 that is also slidable on bolt 
4 and that is movable to contact a spider 44. 
70 Spider 44 is mounted ai the end of a skirt 4 
that extends leftward from structure 23. If is 
provided with a central opening 45 through 
which the head of bolt 4 is movable and about 
the periphery of which washer 43 contacts the 
 spider. It also is provided with axial passages 
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41 .to permit exertion of .pressure against the 
adjacent end of the valve bore 18. It will be 
seen that by this arrangement and the passages 
24(a), pressure exerted againsç receiver port 
will be exerted againsç the end surface of piston 
part 21 and the left end of valve .bore 
When structure 23 moves in either direction to 
its limit position, continued delivery of fluid to 
one oï the ports 24 or 25 results in sliding of. the 
valve and piston structure relative ,fo distributor 
structure 23, as described above. If this more- 
ment is leftward from the position of Fig..3, the 
piston structure in moving farther moves spring 
seat washer 43 into contact with spider 44 and 
thereafter continued leftward movement of the 
structure compresses a compression spring 
that is engaged between spring seats 35, 35. Dur- 
ing this compression the bolt'head moves left- 
ward as indicated by its position in Fig. 4. In 
the opposite direction of movement to the posi- 
tion of Fig. 5 the rightward movement of spring 
seat 36 compresses spring 48 against spring 
seat 3.5. 
It wfll be readily apparent that, although th.e 
provision for movement beyond a range corre- 
sponding to that of a jet pipe orifice is shown 
as applied to a hydraulic booster, a great many 
oher devices might be operated from a piston 
structure movable relative to a distributor de- 
vice such as structure 23 which has a limited 
range of travel movement to follow the orifice 
of the jet pipe. 
Consequently, the scope of the invention is to 
be construed in accordance with the following 
claims rather than by limitation to the specific 
disclosures above made. 
I claim: 
1. A jet pipe regulator assembly comprising a 
movable jet pipe having a discharge orifice mov- 
able along a deflnite path by movement of the 
jet pipe and stop means limiting opposite more- 
ment of the jet pipe and determining limit po- 
sitions of its orifice, a distributor element mov- 
able in the directions of said path and having a 
pair of receiver ports disposed in and narrowlF 
spaced in the directions of said path, stop means 
limiting travel of said distributor element to a 
range at opposite ends of which respectively the 
different receiver ports are positioned to sub- 
stantiallF.register with the orifice in its respec- 
tive said limit positions, means enclosing a motor 
chamber and passages connecting the respective 
receiver ports with opposite ends of said cham- 
ber, a wall member movable between said oppo- 
site chamber ends by unequal delivery of fluid 
from said orifice to the two receiver ports and 
said member being movable relative fo said dis- 
tributor element, and means effective between 
said distributor element and wall member biasing 
them to a preselected positional relation. 
,. OEn a jet pipe regulator assembly comprising 
movable jet pipe having a discharge orifice mov- 
able along a preselected path by movement oi 
the jet pipe and stop means limiting the more- 
ment of the jet pipe and determining opposite 
limit positions of said orifice; a jet pipe move- 
ment-responsive device for moving an output 
element through a travel range greater than 
that: of .said orifice and extended beyond posi- 
tions corresponding fo said orifice limit posi- 
tions, said device comprising rneans providing a 
chamber extended in the directions of said ori- 
fice path, a wall member in sai,d chamber for 
moving said output element, distributor means 
movable in the directions of said orifice path 
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and relative to said wall mernber, said distribu- 
tor having .a pr of receiver ports disposed in 
and narrowly spaced along said path and re- 
spoctively communicating with said chamber to 
, opposite Sites aV said wall member, stop means 
limiting opposite travel of said distributor 
means to limit positions wherein respectively the 
different ones of-said receiver ports are disposed 
to receive fluid from said orifice in a correspond- 
I0 ing one of its said limit positions, and spring 
means effective between said wall member and 
distributor means and throughouV said range of 
distributor means movement maintaining them 
in a sing-le preselected positional relation but 
15 permitting said wall member to more relative to 
said distributor means when said orifice and 
distributor means are in corresponding ones of 
their said limit-positions. 
3. In a jet pipe regulator volume flow rate 
20 booster that comprises a pilot valve assemblF 
including a valve body Idaving a predeterrnined 
range of travel from a f,ully closed to a fullF 
open position, an expansible chamber motor 
sembly including structure enclosing a cham- 
25 ber and a wall element mechanically cormected 
to said valve bodF and movable in said .chamber 
through a full travel path that is effective to 
more said valve bodFa preselected distance from 
its .fullF closed toward ifs fnlly open position, a 
0 jet pipe haing a discharge orifice and pivotallF 
mounted for swinging said orifice in a definite 
path, a distributor device movable in the direc- 
tions, of said path and having a pair of receiver 
ports disposed in said path, narrowlF spaced .in 
: the directions of its extent and respectively com- 
municating with said chamber to opposite sides 
of said wall element, stop means arranged rel- 
ative to the .jet pipe for determining limit posi- 
tions of its orifice, second stop means arranged 
40 to limit opposite movement of said distributor 
device to .positions wherein respectively said dif- 
feront receiver ports substantially register with 
said orifice when the latter is in its different 
limit positions, and spring means effective be- 
45 tveen said wall element and distributor device to 
bias them to a preselected positional relation, 
but to permit their relative movement while said 
jet pipe orifice and distributor device are in cor- 
responding ones of their said limit positions. 
5o 4. In a jet pipe regulator volume flow rate 
booster that comprises a pilot valve assembly 
including a valve bodF having a predetermined 
range of axial travel from a fullF closed te a 
fully open positior/, an operator assembly in- 
55 cluding structure providing a cylinder and a 
piston mechanicallF connected to said vlve 
body and movable axially in said cylinder 
through a full travel path preselected to more 
said body a preselected distance from ifs fullF 
6o closed position toward its fully open position, 
a jet pipe having a discharge orifice and piv- 
otally mounted for swinging said orifice along- 
side said cylinder in the directions of piston 
movement maintaining said piston in positional 
 correspondence with the jet pipe orifice bF 
livery of fluid to the cylinder on the side of said 
piston determined bF direction of variance of 
said piston from such positional correspondence, 
and stop means limiting swinging of the jet pipe 
70 from a position corresponding to sald fullF 
closed 7alve body position to a range less than 
said full travel path of the piston; means pro- 
viding for maintenance of said piston in po- 
sitional correspondence with said jet pipe 
. throughout the swing range of the latter but 
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permittihg said piston to move through ifs full 
travel path, comprising a distributor rnember 
movable along said cylinder in the directions of 
piston movement, relative to said piston and 
tween a portion of the latter and said jet pipe 
orifice, said member having a surface facing 
said jet pipe orifice and provided with a pair of 
receiver ports disposed fo receive fluid therefrom, 
closely spaced in the directions of movement of 
said member and respectively communicating 
with the opposite ends of said cylinder, stop 
means limiting travel of said member to a path 
corresponding to the path of said jet pipe orifice, 
and spring means effective between said piston 
and member fo bias the former axially to a pre- 
selected positional relation to said member 
throughout the range of movement of the latter, 
but to permit movement of said piston while said 
jet pipe and member are held by said stop means, 
to permit the piston to more said valve body 
farther toward its fully open position. 
5. A jet regulator volume flow rate booster 
comprising casing structure proided with a bore; 
a valve body and operator unit comprising a valve 
body movable in a valve portion of said bore and 
through a predetermined travel range between 
fully closed and fully open positions, and piston 
means also movable in said bore as 'a cylinder; 
a jet pipe having a discharge orifice and pivotally 
mounted for swinging said orifice alongside a 
part of said bore in a path extended in the direc- 
tions of piston movement, 'a distributor structure 
slidable in said bore and slidably surrounding a 
part of said valve body and operator unit, said 
structure having a surface faeing said jet pipe 
orifice and provided with a pair of receiver ports 
disposed to receive fluid from said orifice, said 
ports being closely spaced in the direction of said 
orifice path and respectively communicating with 
said bore fo opposite ends of said piston means; 
stop means associated respectively with said jet 
pipe and with said distributor structure .and ar- 
ranged to limit their travel to corresponding 
ranges of less length than said travel range of 
said valve body, and to limit positions wherein 
respectively the different said receiver ports are 
disposed to receive fluid from said orifice; and 
spring means effective between said distributor 
and unit to maintain them in a predetermined 
positional relation throughout the said travel 
range of the former but to permit the latter to 
more relative to the former when in one of its 
said limit positions, and toward the fully open 
valve body position. 
6. A jet pipe volume fiow rate booster accord- 
ing to claim 5, wherein said valve body and op- 
erator unit comprises a spool body having axially 
spaced end parts forming said piston means and. 
having outer end surfaces, valve body structure 
between and spaced axially from said end parts, 
and a stem interconnecting said valve body 
structure and end parts, and a stem extension 
projecting beyond the end surfa.ce of one of the 
latter and comprising said part that is slidably 
surrounded by said disiributor structure; said 
distributor structure having a chamber, a bore 
extending through said chamber, and wherein 
said stem extension is slidable, and a passage 
connecting said cha.mber with one of said re- 
ceiver ports, and said stem and extension having 
an axial passage opening into said chamber and 
through the end surface of the end part that is 
spaced beyond said valve body structure from 
said stem extension, and said distributorstructure 
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being arranged to cormect the second said re- 
ceiver port with said bore between itself and 
both the end surface of the other said end part 
and the adjacent end of said bore. 
5 7. A jet pipe volume fiow rate booster com- 
prising casing structure provided with a bore; a 
valve body and operator unit in said bore and 
comprising a pair of axially spaced piston parts 
having outer end surfaces respectively disposed 
10 toward the opposite bore ends, valve body struc- 
ture comprising a pair of valve elements axially 
spaced apart and axially spac_ed from and 
tween said piston parts, and stem structure in- 
terconnecting said parts and elements and pro- 
15 jectini beyond one of said piston part end sur- 
faces toward the adjacent bore end, said unit 
being axially movable in said bore in opposite 
directions from a neutral position wherein said 
valve elements respectively block the different 
20 ones of a pair of controlled ports, and said unit 
having travel ranges .along said bore in both 
directions from said neutral position sufficient 
to move said valve elements completely clear of 
said ports; a jet pipe having a discharge orifice 
25 and pivotally mounted to swing said orifice in 
a path extended in the directions of travel of 
said unit, and stop .means for said jet pipe limit- 
ing the travel path of its orifice and determining 
opposite limit positions thereof; a distributor 
3O structure slidable in said valve bore between said 
piston end surface beyond which said stem struc- 
ture extension projects, said distributor struc- 
ture having u configuration providing communi- 
cation between bore reaches at its opposite ends, 
35 an internal bore extended axially therethrough 
and wherein said stem structure extension is slid- 
able, an internal chamber constituting an 
largement of said internal bore, .a pair of re- 
ceiver ports disposed to receive fiuid from said 
4O discharge orifice and narrowly spaced in the 
direction of movement thereof, and passageways 
connecting one of saiit receiver ports with the 
bore between said piston end part from which 
said stem structure extension projects and the 
45 other with said internal chamber; said stem 
structure and its extension having an internal 
passage oponing at opposite ends into said in- 
ternal chamber and through the piston part end 
surface opposite that from which said extension 
5O projects; and biasing means effective between 
said unit and distributor structure and compris- 
ing .members respectively carried by the stem ex- 
tension and distributor structure and path ex- 
tendin,g beyond the latter toward the adjacent 
55 bore end, a stop mounted on said distributor 
structure-carried member, a first spring seat se- 
cured to the end of said stem structure extension- 
carried member and that is movable into and 
out of contact with said stop by opposite axial 
60 
relative movement of said unit and distributor 
structure, a second spring seat slidably surround- 
ing said stem extension and bearing against the 
adjacent end of the distributor structure, and a 
65 compression spring interposed between said 
spring seats; and stop means limiting the travel 
range of said distributor structure to a distance 
equal to length of said orifice path and defining 
limit positions wherein the different receiver 
7O ports respectively are located to receive fiuid 
from said orifice. 
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